ABSTRACT-This paper discusses the diverse and dynamic nature of California's commercial fi sheries and the resource, environmental, economic, and regulatory factors that affected participation, landings, and ex-vessel revenues during 1981-2012. Fishery trends are a simplistic and some-
Introduction
The 1976 Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA, 1976) extended U.S. authority to 200 nmi (later named the Exclusive Economic Zone), instituted regional fi shery management councils to develop and implement fi shery management plans, provided national standards for those plans, and restricted foreign fi shing in U.S. waters. Management priorities have shifted since the 1970's from removing foreign fl eets (French et al., 1981) and encouraging domestic fi shery development in the U.S. EEZ (Mansfi eld, 2001 ) to addressing overfi shing and overcapitalization in domestic fi sheries.
Thus the MSFCMA has been subject to two major amendments. The 1996 amendment, known as the Sustainable Fisheries Act (MSFCMA, 1996) , includes provisions to prevent overfi shing and rebuild overfi shed stocks, consider potential effects of management measures on fi shing communities, minimize bycatch and bycatch mortality, and specify essential fi sh habitat in fi shery management plans. The 2006 amendment, known as the Magnuson-Stevens Fishery Conservation and Management Reauthorization Act (MSFCMA, 2007) , includes annual catch limits and accountability measures to strengthen the provisions to end overfi shing, and established conditions for implementation of catch share programs.
The Pacifi c Fishery Management Council (PFMC), one of the regional councils established by the MSFCMA, implemented a Pacifi c Salmon Fishery Management Plan (FMP) in 1977 (PFMC, 1977 , a Northern Anchovy FMP in 1978 (PFMC, 1978 , a Pacific Groundfi sh FMP in 1982 (PFMC, 1984 , a Coastal Pelagic Species FMP (PFMC, 1998a ) that superseded the Northern Anchovy FMP, a Highly Migratory Species FMP in 2004 (PFMC, 2003 , and a Fishery Ecosystem Plan in 2013 (DeReynier, 2012; PFMC, 2013a) . The MSFCMA-as well as mandates such as the Endangered Species Act (ESA)-have led to a greater focus on reducing fi shery impacts not only on target species but also on other components of the ecosystem, i.e., nontarget (bycatch) species and habitat.
For instance, PFMC groundfi sh management includes a complex mix of harvest, effort, area, season, and gear regulations that constrain target species catches (in some cases to levels well below maximum sustainable yield) to minimize bycatch of overfi shed stocks that comingle with targeted stocks on the fi shing grounds (Hilborn et al., 2011; Melnychuk et al., 2013) . The PFMC has also implemented habitat protection measures, including closure of essential fi sh habitat to trawling (PFMC, 1998b) .
PFMC management of the Pacifi c salmon, Oncorhynchus spp., fi shery is similarly driven by the need to restrict the level, location, and timing of harvest of more abundant stocks to minimize bycatch of "weak" stocks (including ESA-listed salmonids) that co-mingle with these more abundant stocks in the ocean fi shery (Satterthwaite, 2014) . Other examples of bycatch concerns addressed by the PFMC include restrictions on salmon bycatch by Pacifi c whiting, Merluccius productus, trawlers (PFMC, 1997), groundfi sh bycatch by shrimp, Pandalus jordani, trawlers (Hannah and Jones, 2007) , and sea turtle, Dermochelys coriacea, Caretta caretta, Chelonia mydas, and Lepidochelys olvacea, bycatch by swordfi sh, Xiphias gladius, pelagic longline and drift gillnet vessels (Caretta et al., 2004; PFMC, 2013b) . In 2008 the PFMC added krill, Euphausiacea, to the Coastal Pelagic Species FMP and placed a ban on harvest of these important forage species (PFMC, 2008b Fishery management has changed at the state level as well. In 1998 the State of California enacted the Marine Life Management Act (MLMA, 1998) , which expanded the focus of state management to include not just exploited marine populations but marine wildlife and marine habitat in general. The MLMA includes some provisions that are similar to the federal MSFCMA-e.g., rebuilding depressed stocks, reducing bycatch, and considering effects on fi shing communities.
One important outcome of the MLMA was development of the State Nearshore Finfi sh Management Plan (NFMP) in 2002 (CDFG, 2002) . The 19 species included in the NFMP overlap with some of the species in the PFMC's Groundfi sh FMP; the two plans complement and enhance protection of these overlapping species. In 1999 the state enacted the Marine Life Protection Act (MLPA, 1999) , which mandated the establishment of a system of marine protected areas (MPA's). During 2007-12, MPA's were implemented in four designated regions encompassing the California coast; MPA's for the fi fth region (San Francisco Bay) will be considered at a future date (Saarman and Carr, 2013) .
This paper provides a retrospective view of California commercial fi sheries over the past three decades. 1 Changes in management strategies, such as those cited above, have infl uenced fi shery trends. However, some caution is warranted in interpreting these trends, as the effectiveness of current management cannot be determined solely on the basis of whether a trend is up or down. Declining harvests may be indicative of poor or nonexistent management, but they can also occur when management is proactive and responsive to changes in stock abundance. Managers cannot be expected to sustain the harvest levels achieved in a developing fi shery, as 1 See McEvoy (1986) and Mason (2004) for insightful perspectives on long-term trends in California fi sheries. See Leet et al. (2001) for detailed, species-specifi c descriptions of California landings trends, population status, and fi shery management prior to 2000. the dynamics of exploited fi sh stocks make harvest reductions inevitable, even in well-managed fi sheries.
Management should be considered in the context of other factors that also affect fi shery trends. Environmental conditions (e.g., El Niño/Southern Oscillation, Pacifi c Decadal Oscillation, climate change) can have shortto long-term effects on the abundance and distribution of target and bycatch species (MacCall, 1996; Mantua et al., 1997; Lindegren and Checkley, 2013) . Economic factors (e.g., domestic and global seafood demand, conditions in other U.S. and foreign fi sheries that supply the same markets as California fi sheries, ex-vessel prices, fi shing costs) can infl uence the development and decline of fi sheries and the amount of pressure exerted on particular stocks (Vojkovich, 1998; Herrick et al., 2006; Knapp et al., 2007; Anderson et al., 2011) .
Technological change can also affect harvest opportunities. For instance, fi sh fi nding and harvesting technology can improve harvest effi ciency (although competitive advantage may be diminished to the extent that adoption of such methods becomes widespread); changes of this type have led to standardization of effort in stock assessments to avoid confounding the effects of fi shing power and stock abundance on CPUE (Maunder and Punt, 2004) . Technology also includes methods to reduce take of nontarget species (e.g., bycatch reduction devices) and discourage fi shing in certain habitats (e.g., use of small footropes to discourage trawling in rocky habitat). Life history characteristics of target and bycatch species and other biological traits, such as habitat preferences and schooling behavior, can affect their vulnerability to fi shing and their ability to recover from overfi shing and environmental adversity.
Stock assessments refl ect the biology of the species and the infl uence of historical catches and environmental conditions on current abundance (Methot et al., 2013) . Harvest control rules adopted by the PFMC ensure that the outcome of stock assessments are refl ected in annual catch limits (ACL's). Catches, in turn, affect future stock trajectories.
Stocks are typically assessed throughout their geographic range. Harvest control rules likewise are used to establish ACL's for entire stocks which can be suballocated among fi shery sectors and geographic areas. Catches by any particular sector (e.g., California commercial) may or may not be correlated with stock abundance, depending on factors such as the distribution of the fi shery relative to the distribution of the stock. Weak-stock management policies constrain target species harvests (often below levels warranted solely by target species abundance) to achieve desired reductions in bycatch of weak stocks. Inferences regarding abundance from harvest trends should be made with such factors in mind.
This paper describes California fi shery trends in terms of three indicators: vessel participation, landings, and exvessel revenue. As will be seen, these indicators do not necessarily follow similar patterns for a given fi shery, and they can also differ depending on the temporal and geographic scale at which they are depicted. Different indicators and scales provide different insights into fi sheries and underscore the need for nuanced interpretation of the data. California fi sheries are diverse, not just in terms of species, gear type, fi shing strategies, location, and trends, but also in terms of the factors that infl uence those trends.
The section on California landings during 1916-2012 focuses on trends in several historically signifi cant fi sheries. Later sections provide a more detailed description of fi shery trends in the recent decades, 1981-2012, as summarized from vessel-level landings receipts data that have been available in electronic form since 1981. Specifi cally, information is provided on statewide trends in individual fi sheries in terms of participation, landings, and ex-vessel revenues. Also, more geographic specifi city is given by describing overall fi shery trends by region and port and highlighting fi sheries that are particularly infl uential in each geographic area. Finally, vessel behavior is described as it relates to revenues, fi shery diversifi cation, and geographic mobility. Then conclusions are drawn from analyses contained in the previous sections.
All landings volumes are reported here in landed weight and all dollar values are corrected for infl ation to base year 2012. Trips are assigned to fi sheries based on the species/gear combination accounting for the plurality of revenue earned on the trip. A vessel that made at least one trip in a given fi shery is designated a participant in that fi shery.
California Commercial Fishery
Trends 1916-2012 (1.2-1.8 billion lb), 1949-50 (1.1-1.3 billion lb), and 1975-77 (856-901 million lb). The major contributor to the fi rst two peaks was the Pacifi c sardine, Sardinops sagax, fi shery, while tuna, Thunnus spp., and northern anchovy, Engraulis mordax, were major contributors to the third peak.
Landings of coastal pelagic speciesPacifi c sardine; northern anchovy; Pacifi c mackerel, Scomber japoni cas; and jack mackerel, Trachurus symmetricus-have varied widely in both absolute and relative terms since 1916. Demand for canned sardines developed during World War I and was soon overshadowed by the more lucrative market for fi sh meal and oil, which were produced from cannery waste by a process known as reduction. California processors operated reduction plants in conjunction with canneries, then further augmented meal and oil production by using whole fi sh for reduction. During 1920-41, concerns expressed by CDFG and federal biologists led to passage of various state laws intended to reserve use of sardines for human consumption. Processors circumvented these laws by harvesting and reducing sardines outside the state's 3-mile jurisdiction, a situation that continued until 1938, when fi sh meal and oil prices fell and an amendment to the California Constitution gave the state the authority to stop offshore reduction (Ueber and MacCall, 1992) . During the 1930's and 1940's, the sardine stock (which expands its range as abundance increases) supported high-volume fi sheries from Mexico to British Columbia (Radovich, 1982) . Sardines comprised 44-62% of total California landings during 1917-23 and 70-83% in 1924-45 . California sardine landings rou-tinely exceeded 900 million lb during 1934-44, peaking at 1.5 billion lb in 1936.
The collapse of the California fi shery in the 1950's (preceded by collapse of the British Columbia, Washington, and Oregon fi sheries in the 1940's) has been attributed to a combination of overfi shing and adverse environmental conditions (Marr, 1960; McEvoy, 1986; Ueber and MacCall, 1992) . The State of California imposed a moratorium on directed sardine landings in 1974 which was lifted in 1986 (Wolf, 1992) under a harvest regime that continued in similar form when a federal Coastal Pelagics Species (CPS) Fishery Management Plan that included sardine was implemented in 2000 (PFMC, 1998a) .
The collapse of the sardine fi shery in the 1950's was followed by development of the northern anchovy reduction fi shery in 1966, which peaked at 317 million lb in 1975 and ceased operation by the late 1980's, when record low reduction prices made the fi shery unviable (CDFG, 1990:13-14) . CPS landings were subsequently dominated by mackerel until the mid-1990's, when the sardine stock had recovered suffi ciently to support a substantial fi shery. Since then, sardine landings reached a high of 179 million lb in 2007-a substantial volume but well below the amounts harvested in the heyday of the fi shery. Sardines are now marketed for non-reduction uses, including human consumption, aquaculture feed, and bait in recreational and commercial fi sheries (Herrick et al., 2006 1916-25 and 1999-2012 , while yellowfi n constituted the plurality/majority for 67 of the 73 years 1926-98 (skipjack being the plurality/majority in the remaining 6 years).
Until the late 1950's, yellowfi n and skipjack tunas were targeted by baitboat fi shermen who used chum to attract tunas and employed poles with short lines and barbless hooks to heave the fi sh over their shoulders onto the deck (Godsil, 1938) . Improved refrigeration methods in the 1930's enabled these boats to extend their range farther south and offshore. By the late 1950's, technological improvements (nylon nets, Puretic powerblock 2 ) led to development of the tuna purse seine fi shery.
California seiners were of two distinctive types. One fl eet consisted of smaller "wetfi sh" boats (25-150 short tons capacity), based in the San Pedro area, that targeted CPS fi nfi shes, market squid, Loligo opalescens, and also tunas in years when they appeared in coastal waters of the Southern California Bight (Perrin and Noetzel, 1970) . In addition to newer boats, the wetfi sh fl eet also included seiners that had participated in the sardine fi shery before its collapse (Knaggs, 1973) . The second fl eet consisted of large "superseiners" (200-2,000 short ton capacity) that made long-range trips to the eastern Pacifi c Ocean to harvest tropical tunas, such as yellowfi n and skipjack (Orbach, 1977; Rockland, 1978) . This fl eet included baitboats that had been converted to purse seiners as well as newly built seiners. The rapid expansion of this long-range fl eet was (Coe et al., 1984) . Landings by the high-seas fl eet in California also plummeted by the early 1980's as tax advantages and lower costs caused tuna canneries to close their operations in southern California in favor of Puerto Rico and American Samoa (Francis et al., 1992) . 4 The last tuna 
California Fishery Trends 1981-2012
This section provides a post-1980 overview of California's commercial fi sheries. The information provided here illustrates the diverse and dynamic nature of fi shing activity, the varying insights that can be gained by considering fi sheries at differing spatial and temporal scales, and the resource, environmental, regulatory, and socioeconomic factors affecting fi shery trends. Because vessel behavior, fi shery regulations, and ecosystem effects are typically differentiated by gear as well as species, fi sheries are depicted here in terms of species/gear combinations. Table 1 summarizes landings, revenues, and vessel participation trends in the 27 California fi sheries that generated at least $400,000 in average annual ex-vessel revenue during 1981-2012. Participation tends to be highest in line and pot fi sheries, and landings volume highest in net (seine and trawl) fi sheries. Ex-vessel revenue does not necessarily correlate with landings, as 1970's, some Latin American countries established 200-mile exclusive economic zones and expanded their own fl eets, prompting U.S. processors to increase their purchases of cheaper, raw tuna from foreign sources. The U.S. fl eet declined from 101 to 66 active vessels from 1979 to 1988, with many of these boats transferring to foreign registry. As indicated by Sakagawa (1991) , these transfers were due to prevailing economic conditions (low ex-vessel yellowfi n prices, debt service, interest by foreign entities in purchasing U.S. vessels) rather than U.S. tuna-dolphin regulations. Although the dolphin quota became more constraining during this period (declining from 78,000 animals in 1976 to 20,500 animals in 1981 and thereafter), the U.S. fl eet stayed within the quota in all but two years (1976 and 1982) . U.S. processors closed most of their canneries in southern California and Hawaii during 1979-85 and expanded their operations in American Samoa and Puerto Rico. Canneries in insular territories enjoy economic advantages such as exemption from the Nicholson Act (which prohibits foreign vessels from landing fi sh taken in high-seas fi sheries), dutyfree entry of cannery products into the U.S., and exemption from federal minimum wage standards (Levine and Allen, 2009 ). Table continued revenue depends on ex-vessel price as well as volume landed.
Fishery Participation
The number of boats participating in California fi sheries declined from 6,892 in 1981 to 1,479 in 2009, then increased to 1,877 by 2012. Participation trends are driven largely by three fi sheries: Pacifi c salmon troll, groundfi sh fi xed gear, and Dungeness crab, Cancer magister (Fig. 2) . Due to the sheer number of salmon trollers, the salmon fi shery has tended to drive the overall statewide pattern of vessel participation. Participation in the groundfi sh fi xed gear and Dungeness crab fi sheries has also been substantial but more stable than salmon participation.
Salmon Troll
The salmon troll fi shery, one of the oldest fi sheries in California, expanded during World War II (Fig. 3) , encouraged by favorable market conditions, modest capital requirements for vessel entry, and lack of regulatory controls on entry. By the 1980's, however, participation was on a downward trend, declining from 4,155 boats in 1981 to 2,094 boats in 1990, then formed California's troll fi shery from a two-species fi shery to a Chinook, O. tshawytscha-only fi shery (PFMC, 2016a).
Groundfi sh Fixed Gear
Groundfi sh fi xed gear (hook-andline and pot) vessels target sablefi sh, Anoplopoma fi mbria, as well as rockfi sh (Sebastes spp.), lingcod, Ophiodon elongatus, and other groundfi sh species. Average annual prices increased steadily from $0.82/lb during 1981-85 to $2.98/lb by 2011-12. Despite these price increases, participation declined from 1,367 boats in 1981 to 446-513 boats since 2004 (Fig. 2) . The PFMC implemented a groundfi sh limited entry program in 1994 that included fi xed gear as well as trawl vessels (PFMC, 1992) . Other regulations affecting participation include the fi xed gear sablefi sh endorsement (1997) (Dewees and Weber, 2001) , declining ex-vessel prices, and increasingly restrictive management since the early 1990's (including weak-stock management policies). A particularly notable example of the latter is the prohibition on coho, O. kisutch, retention since 1993 to protect endangered Central California Coast coho; this trans-crabs that exceed a given size limit, and seasons are imposed to discourage harvest of soft-shelled crabs (Hankin and Warner, 2001) . The state established a limited entry program in 1995, and trap limits were implemented beginning in 2013 (CDFG, 2012) . Fishery participation is affected by species availability, prices, and (particularly since this is a winter fi shery) weather.
Landings
California landings fell precipitously from 792 million lb in 1981 to 359 million lb in 1985, largely due to the decline in tuna seine landings from 290 to 47 million lb and the decline in anchovy landings from 115 to 4 million lb. Since 1985, total landings have been variable with no apparent trend. Highs were experienced in 1988 (496 (Fig. 4) . Overall landings have trended toward an increase in invertebrate species relative to fi nfi shes. Fisheries that have had the most notable effects on landings are the high-volume seine fi sheries for tunas, market squid, and coastal pelagic species (CPS).
Tuna Seine
Tuna seine landings declined from 
Squid Seine
Unlike the tuna and CPS fi sheries-which have a long history of substantial landings in California (Fig.  1) -the fi shery for market squid did not experience appreciable growth until the 1980's, when overseas markets in Asia and Europe expanded and U.S. consumers acquired a taste for squid (better known as "calamari"). With the notable exception of 1998 (a lowlandings year with record high prices Squid availability is highly susceptible to environmental conditions (Koslow and Allen, 2011); recordlow landings in 1983 , 1984 .9 million lb) coincided with major El Niño events that adversely affected the availability of squid to the fi shery. State regulations include quotas, restricted access, weekend closures, and restrictions on the use of squid attracting lights to mitigate effects on seabird colonies (CDFG, 2005) . The 2012-13 season was the third consecutive season to be curtailed due to the quota constraint (CDFW, 2013). (Jacobson and Thomson, 1993) . The mackerel share of CPS landings grew to 86-95% during 1983-90, then declined to 50% by 1992 as the sardine fi shery recovered after its collapse in the 1950's.
CPS Seine
During 1995-2012, the species composition of CPS landings was 76% sardine, 14% mackerel, and 10% anchovy on an average annual basis. As sardine abundance has increased, the stock has expanded its northward range from Mexico and California to include Oregon, Washington, and British Columbia (Hill et al., 2014) . The sardine harvest control rule is notable for incorporating ocean temperature as a constraint on harvest to refl ect the effect of environmental conditions on recruitment.
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Other Fisheries
Although much lower than squid and CPS landings, landings in the sea urchin, Strongylocentrotus spp., nonwhiting groundfi sh trawl, and Dunge-ness crab fi sheries have nonetheless been substantial, typically ranging in the tens of millions of pounds.
• The fi shery for sea urchin roe (uni) originally developed for the Japanese market and later expanded to include the domestic market as U.S. consumers acquired a taste for sushi (Kalvass and RogersBennett, 2001 groundfi sh stocks "overfi shed" (Ralston, 2002b ) and implemented major reductions in harvest limits for both overfi shed stocks and target species that co-mingle with these stocks in the fi shery, area and gear restrictions to minimize incidental take of overfi shed stocks, and other rebuilding measures. 7 An industry-funded buyback was implemented in 2003 to address the overcapacity problem, which had been exacerbated by the 7 These unprecedented restrictions were intended to put the fi shery on a more sustainable trajectory after major fl aws were uncovered in the scientifi c information previously used to set harvest limits. According to Ralston (2002a) , "…for years there were serious fl aws in the scientifi c advice that was presented to the council as the foundation of its decision making. The defi ciencies were not easy to foresee and were due to a combination of inadequate data and fi shery productivity that was far lower than anyone imagined." reduction in harvest opportunities (NMFS, 2004) . A catch share program was implemented in 2011 that increased individual accountability for incidental take of overfi shed stocks while also providing additional harvest opportunity for targeted species (PFMC, 2010a; PFMC, 2010b) . Groundfi sh trawl activity is monitored via landings receipts, logbooks, satellite-based vessel monitoring systems, and 100% observer coverage; groundfi sh processors as well as vessels are subject to mandatory economic data collection requirements. 1983, 1984, 1992, and 1998 ($0.6-3.7 million) . However (excluding El Niño years), the revenue trend has been generally upward, increasing from $7. Figure 7 depicts average annual landings, prices, and revenues in 2011-12 for the ten California fi sheries that generated at least $3 million in average annual revenue in those 2 years. The squid seine and CPS seine fi sheries are noted but not graphed in Figure 7 , as the magnitude of their landings (242 million and 67 million lb, respectively) would have obscured differences in landings on the y-axis for the other eight fi sheries. Figure 7 illustrates the heterogeneity of species, gear types, and price-landings combinations associated with California's highest-revenue fi sheries.
Spatial Distribution of Fishing Activity
This section describes fi shing activity in fi ve designated regionsSouthern California, South Central California, Central California, North Central California, and Northern California-and how activity is distributed among ports within each region ( Figure 8 gives region and port locations, ignoring the numbers for now). Table 2 shows how vessel participation, landings, and revenues in each region have varied over time. Regional differences refl ect the spa- tial distribution of high-participation, high-volume, and high-revenue fi sheries across the state.
Vessel participation was consistently highest in North Central California in all 32 years of the time series, with an average 42% of active vessels landing fi sh in this region. The majority of the salmon troll fl eet is concentrated in this region as well as a sizeable number of Dungeness crab and groundfi sh fi xed gear vessels. Vessel participation was lowest in South Central California in 12 of the 32 years (mostly from the early 1980's to the early 1990's) and in Northern California in the other 20 years (mostly after the early 1990's). Fewer groundfi sh fi xed gear vessels operate in South Central California than any other region, and lobster pot vessels are concentrated more in Southern California. The notable decline in participation in Northern California after the early 1990's is largely due to more restrictive regulations on Klamath River fall Chinook (the basis for NMFS' consultation standard for ESA-listed California Coastal Chinook) that disproportionately constrained the salmon troll fi shery in that region (PFMC, 2016a) .
Landings were highest in Southern California in 31 of the 32 years. This region accounted for an average 66% of statewide landings during 1981-84 and 42% in 1985-2012 , largely due to the concentration of the high volume seine fi sheries for tuna, squid, and CPS in this region. North Central California and Northern California were the lowest landing regions, each accounting for an average 10% of statewide landings during 1981-2012; these are the only regions that lack squid and CPS fi sheries. Revenues were highest in Southern California in 21 of the 32 years, partly driven by the same seine fi sheries that accounted for high landings in this region. Revenues were lowest in Central California in 21 of the 32 years (all after the late 1980's). Although Central California has a number of major fi sheries in common with other regions, groundfi sh trawl revenues are consistently lower in this region than North Central and Northern California, salmon troll revenues are consistently lower here than North Central California, and squid seine revenues have been lower here than Southern and South Central California in most years since 1995.
For each region, Table 3 identifi es fi sheries that provided at least 5% of regional revenues in at least one of the designated time intervals. Some of the fi sheries in Table 3 are region-specific (tuna seine in Southern California; Pacifi c herring, Clupea pallasii, net in North Central California). However, most fi sheries occur in multiple regions, with one fi shery (groundfi sh fi xed gear) occurring statewide. The highest-revenue fi sheries in each region in 2011-12 were squid seine in Southern and South Central California, squid seine and groundfi sh fi xed gear in Central California, and Dungeness crab pot in North Central and Northern California. Comparison with previous time intervals indicates the fl uidity of the revenue shares over time.
Figures 9a-e illustrate the port contributions to regional revenue and how (Fig. 9b) . Some notable fi sheries identifi ed with specifi c ports include lobster pot in Santa Barbara, squid seine in Port Hueneme and, to a lesser extent, Ventura, and groundfi sh fi xed gear in Santa Barbara.
• In Central California, Moss Landing is the highest revenue port, followed by Morro Bay and Monterey, then Avila and Santa Cruz (Fig. 9c) . Some notable fi sheries identifi ed with specifi c ports include Dungeness crab pot in Moss Landing and Santa Cruz, squid seine in Moss Landing and Monterey, and groundfi sh fi xed gear in Morro Bay and, to a lesser extent, Moss Landing and Avila.
• In North Central California, the highest revenue port generally has been San Francisco, followed by Fort Bragg, then Princeton and Bodega Bay (Fig. 9d) . Point Arena and Sausalito once accounted for over 5% of regional revenue but have been minor ports in recent years. Some notable fi sheries identifi ed with specifi c ports include Dungeness crab pot in San Francisco, Bodega Bay, and Princeton; groundfi sh trawl in Fort Bragg; salmon troll in Fort Bragg, Bodega Bay, San Francisco and Princeton; and groundfi sh fi xed gear in Fort Bragg.
• In Northern California, the highest revenue ports have been Crescent City and Eureka (Fig. 9e) . Fields Landing's contribution to regional revenue peaked at 21% in 1985 but has been much less than 5% in recent years, while Trinidad's contribution has been low but fairly stable over time. Some notable fi sheries identifi ed with specifi c ports include Dungeness crab pot in Crescent City and Eureka, shrimp trawl in Crescent City, and groundfi sh trawl in Eureka.
California Fleet Dynamics
Figure 10 depicts the number of boats that made at least one trip in California, the number of "California boats" (boats that derived the plurality of their revenue from California as opposed to Oregon and Washington landings), and the number of California boats whose annual revenue exceeded $5,000. Almost all boats that land fi sh in California qualify as "California boats" in terms of plurality of revenue. The total number of California boats declined from 6,378 in 1981 to 1,432 in 2009, then increased to 1,809 by 2012. Following a similar pattern, the number of California boats earning more than $5,000 declined from 3,173 in 1981 to 1,082 in 2009, then increased to 1,390 by 2012.
California boats earning less than $5,000 comprise a substantial though declining proportion of the California fl eet. Many of these vessels are salmon trollers operated by fi shermen who are semi-retired or also engaged in other occupations. The proportion of California vessels earning less than $5,000 has decreased from 50% in 1981 to 23% in 2012. This change is consistent with the precipitous decline in the number of salmon trollers over time (Fig. 2) . The remainder of this section focuses on "California boats" in terms of vessel-level activity and performance. 
Vessel Participation and Revenue
Trends in annual revenue per vessel for California vessels are depicted in Figure 11 . Revenue per vessel is characterized in terms of mean and 25th, 50th (median), and 75th percentile values. The skewness of the distribution is refl ected in the difference between the mean and median values and the close coincidence of the mean and 75th percentile values. Median revenue increased from $4,900 in 1981 to $32,600 in 2012. Mean revenue declined from $98,000 in 1981 to $51,000 in 1985, largely due to the departure of tuna super seiners earning multi-million dollar revenues, and increased to new highs in 2009-12 ($115,000-129,000) . The increasing revenue trend refl ects the effects of greater opportunity in some fi sheries as well as the exit of lower-revenue vessels over time. 9
Vessel Behavior by Region Table 4 describes California vessels by "principal region" (i.e., the region accounting for the plurality of the vessel's annual revenue) in terms of average annual number of vessels and average annual trips, landings, and revenues per vessel. Regional boundaries are the same as shown in Figure  8 . Participation is consistently higher for North Central California than other regions, largely due to the concentration of salmon trollers in that region. Landings and revenue per vessel are infl uenced by the number of vessels in each region that participate in high-volume and high-revenue fi sheries. Thus, for instance, high landings per boat in Southern and South Central California are affected by the concentration of CPS and squid seiners in these regions. Revenue per boat has generally been higher in 2006-10 and 2011-12 than in previous time intervals in all regions except Southern California. Due to the dominance of the tuna seine fi shery in Southern California in the early 1980's, revenue per boat in that region was much higher in 1981-85 than in subsequent years.
Geographic Mobility and Fishery Diversifi cation
Geographic mobility and fi shery diversifi cation are important risk reduction strategies (Kasperski and Holland, 2013) and refl ect the ability of vessels to adapt to restrictions in a particular area or fi shery (Mason et al., 2012) . Geographic mobility is characterized here in terms of whether each California vessel earned all of its annual revenue in 1) a single California port, 2) more than one port but a single region, 3) two adjacent regions, or 4) more dispersed areas-i.e., two non-adjacent regions or more than two regions, including out of state. The relative distribution of vessels across mobility categories has remained fairly constant over time, averaging 58%, 22%, 14%, and 6% during 1981-2012 for categories 1 through 4, respectively. Figure  12 describes trends in average annual revenue per vessel for each mobility category during 1981-2012. Comparisons of revenue per vessel across mobility categories suggest that geographic mobility generally tends to enhance revenue opportunities. Average revenue does not exhibit any particular pattern over time for vessels in mobility categories 1 and 2 but has increased signifi cantly over time for vessels in mobility categories 3 and 4. Figure 8 depicts the geographic distribution of California vessels in mobility categories 1 through 3 during 2011-12. The number next to each port pertains to the average annual number of boats who fi shed exclusively in that port in 2011-12, the number next to each region pertains to the number of vessels that fi shed in multiple ports but exclusively in that region, and the numbers connecting adjacent regions pertain to the number of boats who fi shed exclusively in the two connected regions. Only mobility categories involving at least three vessels are depicted.
Fishery diversifi cation is analyzed in terms of whether each vessel earned all of its annual revenue in one fi shery, two fi sheries, or more than two fi sheries. The percent of vessels falling in each diversifi cation category during 1981-2012 was 50-63% for one fi shery, 23-31% for two fi sheries, and 10-23% for more than two fi sheries. Figure 13 describes trends in average annual revenue per vessel for each diversifi cation category during 1981-2012.
Generally speaking, diversifi cation tends to enhance revenue opportunities. One notable exception: vessels that participated in two fi sheries during 2006-10 and 2011-12 tended on aver- age to have higher revenues than vessels who participated in more than two fi sheries. The proportion of two-fi shery vessels earning less than $25,000 fell from 49% during 1981-2005 to 34% during 2005-12 , while the proportion earning more than $500,000 per year more than tripled from 3% to 10%. For vessels that participated in more than two fi sheries, the proportion earning less than $25,000 and more than $500,000 moved in the same direction as the two-fi shery vessels, but the change between periods consisted of only a few percentage points.
For the two most recent years, 2011-12, an average annual 1,733 vessels earned the plurality of their revenue from California landings. Of these vessels, 51% participated in one fi shery, 31% in two fi sheries, and 18% in more than two fi sheries. Figure 14 highlights the most common one-and two-way fi shery combinations employed by California vessels. The number in each box is the average annual number of boats who fi shed exclusively in that fi shery in 2011-12, and the number connecting any two boxes is the average annual number of boats who fi shed exclusively in the two paired fi sheries. Table 5 highlights the most common (>3 boats) three-way fi shery combinations pursued by California vessels in 2011-12. Diversifi cation most commonly involves fi sheries utilizing the same gear or combinations of line and pot gear. Salmon troll, groundfi sh fi xed gear, and Dungeness crab pot are particularly notable-not only in terms of the number of vessels that participate exclusively in each of these fi sheries but also the frequency with which they are pursued in combination with other fi sheries. Table 6 focuses on California vessels whose principal fi shery was Dungeness crab pot, salmon troll, groundfi sh fi xed gear, lobster pot, urchin dive, or squid seine in 2011 and/or 2012. "Principal fi shery" is defi ned here as the fi shery accounting for the plurality of the vessel's annual revenue. The principal fi sheries included here are those accounting for the largest number of Figure 10.-Number of boats that participated in California fi sheries (all boats), number of boats that earned the plurality of their revenue from California fi sheries (CA Boats), and number of California boats that earned at least $5,000 in annual revenue (CA Boats Rev>$5,000), 1981-2012. boats in 2011-12. Table 6 describes the average annual number of boats associated with each principal fi shery, mean and median revenue per boat, and the relative distribution of boats among geographic and fi shery diversifi cation categories. Revenue per boat pertains to the boat's earnings in all fi sheries (not just its principal fi shery). Revenue is highest for boats whose principal fi shery is squid seine or Dungeness crab pot and lowest for salmon troll and groundfi sh fi xed gear. Affi nity for a single port or a single fi shery is strongest for boats whose principal fi shery is groundfi sh fi xed gear or urchin dive, while fi shery diversifi cation is highest for Dungeness crab pot. It is important to note that Table 6 focuses only on two recent years and that revenue and diversifi cation patterns have changed over time. For example, the proportion of one-port vessels whose principal fi shery was salmon troll was considerably higher in 1981-83 (52%) than 2011-12 (14%), a trend related to the exit of many vessels from that fi shery. The Dungeness crab fi shery experienced record high revenues in 2012, and squid revenues in 2011-12 were exceeded only in 2010. Geographic and fi shery diversifi cation are affected by a variety of factors, including the spatial distribution of target species, prices and constraints on entry in alternative fi sheries, location of processors and other fi sheryrelated businesses, fuel costs, vessel seaworthiness, ability of vessel and crew to adapt to alternative fi sheries, regulations, and personal preference. The relatively low revenues earned by salmon trollers and groundfi sh fi xed gear boats suggest that fi shing is not the only source of income for many of these boats; however, the extent of their non-fi shing income is not known.
Conclusions
Trends in California vessel participation, landings, and revenues varydepending on the particular fi shery, time frame, and geographic area considered. For instance, the statewide landings trend dating from 1981 indicates that landings peaked in the early 1980's and have been considerably lower (though quite variable) in subsequent years (Fig. 4) . By contrast, the landings trend dating from 1916 suggests even greater variability in landings and a much larger decline in recent years relative to the earlier years of that time series (Fig. 1) .
Expansions and contractions of seafood markets (global as well as domestic) provide new opportunities and vulnerabilities for California fi sheries. Changes in ex-vessel prices experienced in recent decades (e.g., positive for groundfi sh fi xed gear, lobster pot, and salmon troll, negative for swordfi sh drift gillnet and sea urchin) and the recent reemergence of the hagfi sh pot fi shery illustrate the infl uence of market conditions on fi sheries. Factors such as technology, fuel prices, fi shery infrastructure, labor availability, and regulatory compliance costs have also changed over time.
Past trends can provide clues to the future. However, historic lows (e.g., 1950's collapse of the sardine fi shery, 2008-10 salmon landings) and highs (e.g., 1988 salmon landings, 2011-12 Dungeness crab and squid landings) do not always serve as relevant reference points for identifying current management problems or shaping expectations regarding long-term harvest opportunities. For many fi sheries, regulations have become much more constraining on harvest and effort in recent decades. Harvests also vary for reasons beyond the control of managers. Environmental conditions can affect stock abundance and distribution in sometimes pronounced ways; notable examples of this have become apparent even in the few years since 2012 (the last year of the quantitative analysis provided in this paper). 10 Research that systematically considers physical, biological, and economic factors in an ecosystem framework (Field et al., 2006; Norton et al., 2013 ) is important for understanding the complexity and interrelatedness of California fi sheries.
Participation, landings, and revenue trends alone are a simplistic and sometimes misleading basis for judging management performance. Fishery declines can occur as a result of effective management as well as belated, ineffective, or nonexistent management. Stock abundance goes up and down for a variety of reasons; an important management responsibility is to ensure that harvest restrictions are responsive to stock dynamics, regardless of their cause. Changes in legislative mandates and scientifi c information can precipitate changes in management. Judgments regarding management performance should be made in the context of the system that produced those decisions. Relevant system features include whether the management process is based on best 10 Since 2012, sardine abundance, which is affected by ocean conditions as well as fi shing mortality (Deyle et al., 2013; CDFW, 2015) , has declined precipitously in Oregon and Washington as well as California. California sardine landings are now lower than they have been since 1990, and northern anchovy is now the largest (albeit still modest) component of CPS fi nfi sh catch (PFMC, 2014b) . Squid landings in 2015 were the lowest since 1998, and strong El Niño conditions do not bode well for this fi shery in 2016. These changes indicate poor economic prospects for California's wetfi sh harvesters and processors, for whom sardine and squid are traditional mainstays. Dungeness crab landings plummeted in 2015 due to a large and persistent domoic acid bloom associated with El Niño. The public health risk prompted CDFW to close the fi shery by emergency regulation in November 2015, before the peak holiday demand period (OAL. 2015. Notice of Approval of Emergency Regulatory Action. Off. Admin. Law, State of Calif. OAL Matter Number 2016 -1106 -04, Nov. 6, 2015 , http://www.oal.ca.gov/res/docs/pdf/ emergencies/recent%20action,%20moved%20 emergencies/Fish%20and%20Wildlife%20 2015-1106-04E%20Approval.pdf (accessed 18 Feb. 2016) ).
The salmon troll fi shery rebounded in 2013, with landings at 2005 levels and revenues the second highest experienced since 1990. However, persistent drought conditions and associated concerns regarding the status of endangered Sacramento River winter Chinook have since constrained the fi shery (CDFW, 2015) . available science, provides adequate opportunity for public input, refl ects consideration of uncertainty, adapts appropriately to changing states of the fi shery (e.g., developing, fully exploited, overexploited, rebuilding), and ensures accountability through appropriate incentives and monitoring and enforcement. Retrospective analyses are instructive for evaluating the extent to which major fi shery management actions achieve their objectives.
Evidence from California fi sheries suggests that fi shery diversifi cation and geographic mobility enhance revenue. One way to encourage such fl exibility would be to provide fi shermen with greater operational discretion within the confi nes of management objectives. This may involve, for instance, tailoring regulations so that they do not unduly constrain fl eet mobility or industry efforts at gear and product innovation, or making per-mit programs fl exible in ways that encourage entry of "new blood" into fi sheries.
Another management tool that can increase operational fl exibility is catch shares. Catch share programs are well known for curtailing the race for fi sh and enhancing the economic productivity of quota holders (Mamula and Collier, 2015) ; catch shares also encourage fl eet consolidation which, in turn, leads to employment losses (Lian et al., 2009 ). An important consideration is fi nding an acceptable balance between effi ciency gains and employment losses. Management measures often involve such trade-offs; there is rarely a universally "best" way to achieve any given management objective (Melnychuk et al., 2013) .
Given the disparate distribution of vessels, landings, and revenues among fi sheries, the effect of regulations on each of these indicators can vary widely-depending on which fi sheries are targeted by such regulations. Patterns of movement among fi sheries are instructive for anticipating the extent to which effort displaced from one fi shery (whether due to management restrictions or adverse market or environmental conditions) is diverted to other fi sheries. The distinctively regional nature of many California fi sheries, the high proportion of vessels that land fi sh exclusively in one port (58%) and one region (22%) per year, and the high dependence on lo- cal fi shery infrastructure that can be inferred from such behavior illustrates the need to consider community as well as statewide effects in evaluating management alternatives. Additional research is needed to better understand how fi shery regulations and fi shing behavior affect communities (Speir et al., 2014) . While a large proportion of California vessels fi sh in a single port, the extent to which such behavior is due to personal preference or to management or other constraints is not clear. The modest revenue earned by many of these boats (largely salmon trollers and groundfi sh fi xed gear vessels) suggests that they may also have non-fi shing income that buffers them against the vagaries of limited mobility. Landings and revenues tend to be considerably higher for more mobile operators-suggesting that they are more reliant on fi shing as their major source of income.
Participation, landings, and revenue vary not only over time but also among regions (Table 2 ) and among ports within each region (Fig. 9a-e) -refl ecting localized differences in factors such as species availability, regulations, fi shery infrastructure, and weather. To the extent that high-effort or high-volume fi sheries infl uence the location of processing plants and other infrastructure, the presence of such fi sheries in a port may also benefi t smaller fi sheries that have similar infrastructure needs. Understanding community dynamics requires a better understanding of the port choices made by fi shermen and infrastructure providers (including processors), the extent to which fi sheries contribute to port revenues and costs, and strategies used by ports to cope with variability in fi shing activity.
